A novel optimal multilevel thresholding algorithm for image segmentation is presented to deal with RAPD Fingerprint of acinetobacter calcoaceticusbaumannii. The proposed algorithm is an artificial immune network used to optimize multilevel thresholds of image segmentation. In addition, a fast fuzzy clustering technique is used to improve efficiency of the algorithm. Experimental results show that the algorithm can effectively extract fingerprint from the images to facilitate genotyping analysis of RAPD fingerprinting of acinetobacter calcoaceticus-baumannii.
INTRODUCTION
Acinetobacter baumannii is one of the main gram-negative bacilli in clinical practice. Nosocomial infections caused by multi-drug resistance of acinetobacters are very difficult to treat. By using DNA-DNA hybridization, the genus acinetobacter has been shown to be made up of at least 18 genomic species, of which 7 have been named as A.calcoaceticus, A.haemolyticus, A.baumannii, A.junii, A.johnsonii, A.lwoffii, and A.radioresistens [1] . However, A.calcoaceticus and A.baumannii are unable to be identified with VITEK 32 microbial automatic analyzer. So the complex of them is referred to as acinetobacter calcoaceticus-baumannii. In order to investigate drug resistances of A.calcoaceticus and A.baumannii separately, samples of acinetobacter calcoaceticus-baumannii from the forth people's hospital and the third people's hospital of Wuxi, China between Jan. 1, 2007 and Oct. 31, 2008 were collected. Random amplified polymorphic DNA, referred to as RAPD technology was applied to detect genus of samples. RAPD fingerprint images of samples were acquired. However, images of RAPD fingerprint contained substantial noise; image processing is essentially to be done firstly to extract fingerprint from the images to facilitate genotyping analysis.
Image segmentation is considered as an important basic operation for meaningful analysis and interpretation of acquired images. Usually this is regarded as a mandatory preprocessing step in many computer-vision-based applications, which is useful in extracting objects of interest from an acquired image by segregating them from the rest of the scene. Traditional image segmentation methods include thresholding, edge detection, region tracking, etc. [2] . Gray-level histogram based thresholding method has been considered as an efficient tool for development of image segmentation [3] , [4] . When we try to achieve segmentation with greater details by employing multilevel thresholding, the image segmentation problem becomes a multiclass classification problem where, based on the determined thresholds, pixels having gray levels within a specified range are grouped into one class. Usually it is not simple to determine exact locations of distinct valleys in a multimodal histogram of an image [5] , [6] . Several algorithms have so far been proposed in literatures that have addressed the issue of multilevel thresholding with the help of fuzzy c-means clustering method (FCM). However, FCM, is a local optimization algorithm, a random selection of initial value may lead to crisp premise fuzzy set. In order to present a global optimization version of FCM, some biological inspired intelligent computing algorithm was used. An artificial immune network referred to as AINFCM was proposed, which is capable of obtaining the global optimal solution and the process is insensitive to initial solutions [7] . Its parallelizing algorithm was also designed to solve large amount of data clustering [8] .
In this paper, an image segmentation algorithm, especially suitable for multilevel thresholding is proposed. The optimal multilevel thresholding is obtained by optimal fuzzy clusters of image pixels employing artificial immune network technique. The results show that the proposed algorithm can outperform the FCM algorithm from the point of view of maximizing the fitness function as well as minimizing the objective function of multilevel thresholding. The outline of this paper was as follows. Section 2 introduces the 584 An Artificial Immune Network for Image Segmentation to the RAPD Fingerprint of Acinetobacter calcoaceticus-baumannii artificial immune network for fuzzy clustering. Section 3 presents the proposed algorithm for image segmentation. Experiments and performance evaluation is presented in Section 4. Conclusions are given in Section 5.
ARTIFICIAL IMMUNE NETWORK FOR FUZZY CLUSTERING
The artificial immune system [9] is a novel soft computing paradigm, which simulates powerful abilities of biological immune systems in mutual action to defend against pathogenic organisms. Studies on the comparison of optimization performances between the artificial immune system and other heuristic algorithms [10] , such as simulated annealing algorithm, genetic algorithm, and evolution programming, have demonstrated that the artificial immune system has outstanding characteristics of population diversity and global convergence. Furthermore, the artificial immune network has been successfully used in dynamic environment optimization [11] and power economic dispatch [12] . In fuzzy clustering methods, each cluster is represented by cluster, known as prototype or center. Each data point belongs to a cluster with a degree of likelihood as indicated by its fuzzy membership in the interval [0, 1] . Consider the data set X = {x 1 
Taking the constraints (2) into account by Lagrange function, the AINFCM algorithm iteratively calculates the cluster centers c i and the membership u ij as eq. (3) 
ARTIFICIAL IMMUNE NETWORK BASED FAST FUZZY CLUSTERING FOR IMAGE SEGMENTATION
In this paper, an artificial immune network for image segmentation (AINIS) is proposed. It is used to optimize multilevel thresholding according to fast fuzzy clustering method. The framework of the algorithm is based on the AINFCM artificial immune network.
Fast Fuzzy Clustering
In the context of fuzzy clustering for multilevel thresholding optimization of image segmentation, multilevel thresholds are represented as clusters {c 1 ,c 2 ,···,c K } and data set X is composed of pixels. However, the calculation of membership u ij is time consuming. The time of segmenting an image is dependent on the image size. The larger the image size is, the longer time it takes to segment. the larger the size of the image, the more the segmentation time. Since image segmentation for gray images is only based on gray-scales, an image can be replaced by its histogram. From this point of view, a fast FCM method proposed by Zhou is suitable for image segmentation [13] . In this paper, the objective function of fast fuzzy clustering for image segmentation is described in eq. (5), where h(k) is the image histogram to represent the number of pixels in the image with gray value k, L is the largest gray value. The cluster centers c i and the membership u ik are denoted in eq. (6) and eq. (7). u ik indicates the possibility of pixels with gray value k to be assigned to cluster c i . 
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Process of the AINIS algorithm
A cell is considered as an individual in the AINIS artificial immune network. In the context of multilevel thresholding of image segmentation, a set of multilevel thresholds which are represented as clusters {c 1 ,c 2 ,···,c K } is encoded into a cell m = (c 1 ,
The fitness of a cell is used to evaluate its goodness. In the AINIS, the fitness of a cell is inversely proportional to the objective function of fast fuzzy clustering as eq. (5) 1) is a Gaussian random variable of zero mean with deviation σ = 1, and β is a constant to control the mutation step size. In this case, cells with lower fitness mutate heavily so that they have many chances to be better than their parents in order to improve the diversity of the network population. On the contrary, cells with higher fitness mutate less to reserve their priority. Cells with higher fitness are selected as memory cells and stored in the AINIS artificial immune network. , In order to control the scale of the network, network suppression is done to delete memory cells with lower fitness and closer to those cells with higher fitness. The distance between cells is calculated by Euclidean distance. Finally, a certain part of memory cells with lower fitness are updated dynamically to generate a new generation of the artificial immune network. After many times of generations, memory cell with the highest fitness is decoded into the optimal set of multilevel thresholds of the image.
EXPERIMENTS AND DISCUSSION
In this section, we describe some experimental results of the AINIS algorithm for image segmentation to the RAPD fingerprint of acinetobacter calcoaceticusbaumannii. A sample image of RAPD Fingerprinting and its histogram is shown in Fig.1 . Then, multilevel thresholds of image are optimized by the AINIS algorithm. Pixels of the original image are clustered into K clusters. The cluster with the lowest gray values of pixels is identified as background, and pixels in other clusters are enhanced by decreasing their gray values and finally integrated into the segmented image. The segmented images of original image using 2-, 3-and 4-level thresholds (K=2, 3, 4) are displayed in Fig. 2 . It is clear that the image segmented with 3-level thresholds is better than others. The AINIS algorithm was also tested for several other images. Table 1 
CONCLUSION
In this paper, an artificial immune network AINIS was proposed to optimize multilevel thresholds of image segmentation. The algorithm was applied to deal with RAPD fingerprint of acinetobacter calcoaceticus-baumannii. In order to improve the efficiency of image segmentation, an objective function of fast FCM algorithm is applied. Experimental results show that the AINIS algorithm outperforms the FCM algorithm. The AINIS algorithm can effectively extract fingerprint from the images to facilitate genotyping analysis of RAPD Fingerprinting of acinetobacter calcoaceticus-baumannii.
